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(57) ABSTRACT

The present invention relates to an automated method of
quantifying DNA strand breaks 1n intact cells whereby

(a) cells are lysed in order to release DNA,

(b) the lysate is subjected to an alkaline denaturation
process,

(¢) neutralization occurs,

(d) a fluorescent dye is added, and

(¢) fluorescence is read off a fluorometer,

and the method 1s characterized 1n that all pipetting stages
are carried out 1n automated fashion by means of a pipetting
device 1n a lightproof housing. The mnvention further relates
to a device to carry out said method, comprising a lightproot
housing, a temperature controlled base plate, a system of
pipetting nozzles and a fluorometer to measure the fluores-

cent intensity of DNA.

15 Claims, No Drawings
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AUTOMATED QUANTIFICATION OF DNA
STRAND BREAKS IN INTACT CELLS

This application claims priority to the German Patent
Application 1 96 43 721.0, filed on Oct. 23, 1996.

[. FIELD OF THE INVENTION

The present invention relates to an automated method of
quantifying DNA strand breaks 1n intact cells and a device
to carry out the method.

II. BACKGROUND OF THE INVENTION

The quantitative detection of DNA strand breaks 1s of
oreat significance for many fields of biomedical research and
diagnosis already today. The mechanisms of DNA-damage
and DNA repair and their disturbances can be 1nvestigated
via the detection of DNA strand breaks. Furthermore, it 1s
thereby possible to carry out toxicological screenming of
substances such as chemicals, natural substances or phar-
maceutical preparations. Moreover, various cell and tissue
samples from patients can be examined for DNA damage
and DNA repair capacity, respectively, by quantifying DNA
strand breaks. This 1s of interest for what 1s called monaitor-
ing the effectiveness of radiation therapy and cytostatic
chemotherapy, respectively, in the malignant cells to be
killed before and during the treatment. It 1s also possible to
evaluate the side-effect risk of radiation therapy and
chemotherapy, respectively, before the therapy is started by
examining normal (nonmalignant) cells as to DNA strand
breaks. The examination of DNA strand breaks 1s also
significant within the scope of preventive medicine for the
screening for individuals having a high degree of DNA
damage and low DNA repair capacity, respectively. A
oreater cancer risk has to be assumed for these persons, so
that an especially close-knit preventative program 1s indi-
cated for them. In this connection, what 1s called biomoni-
toring must also be considered 1n industrial medicine. Here,
standardized DNA damage treatments would each be made
with the proband’s cell material to be tested.

So far, there have been some methods of examining DNA
strand breaks, which are, however, very time-consuming and
labor-intensive, since they must mostly be carried out manu-
ally. Another drawback of these methods 1s the care which
must urgently be taken 1n the various steps so as not to reach
false-positive or false-negative results. The “alkaline elu-
fion” has to be mentioned as a known method of examining
DNA strand breaks. Here, a controlled, alkaline denaturation
of the DNA 1s induced 1n a cell lysate. The strand break
frequency 1s measured by determining the elution rate of the
single-stranded DNA fragments through a suitable polycar-
bonate filter. Another known method 1s what 1s called the
“comet assay’. This 1s an 1n situ assay which can be carried
out 1n various ways. In this case, cells must be embedded 1n
an agarose gel. Following lysis “in situ” an electric field 1s
applied, which results 1n a more or less marked migration of
chromatin out of the nucleus. The microscopically readable
migration path 1s considered a standard that applies to the
number of DNA strand breaks. In addition, the
“Fluorescence-detected Alkaline DNA Unwinding”
(Birnboim, H. C. and Jevcak, J. J., 1981, Cancer Res.
41:1889-1892, abbreviated as “FADU-Assay”, 1s also
known for measuring DNA strand breaks. Here, test cells are
lysed and the cellular DNA exposed in this way, which
depending on the pretreatment of the cells has a more or less
large number of single-strand or double-strand breaks 1s then
subjected to denaturation under accurately controlled
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conditions, whereby the DNA double strand 1s converted
into single strands. In practice, this 1s effected by an
extremely careful piling-up of an alkaline solution, each
mixture with the lower phase (the lysate) having to be
avolded by all means. Within some minutes, part of the
alkaline solution diffuses into the lysate. The alkaline dena-
turation then starts 1n each case from the DNA break ends
and chromosome ends, respectively, and proceeds linearly,
namely 1n both orientations in the case of a single-strand
break. After stopping this alkaline DNA-unwinding by
neutralization, the rest of the non-denatured DNA which
remains 1n the sample 1s measured with non-denatured DNA
via the intensity of the ethidium bromide fluorescence. The
amount of denatured DNA calculated therefrom 1s a direct
standard that 1s applied to the number of DNA strand breaks
present at the time of cell lysis. The fluorescence measure-
ment 1s standardized so that it applies (1) to those cell lysates
(referred to as “T samples™) in which no denatured pH was
reached because the neutralization buffer had been added
prior to the addition of the alkaline solution and (ii) to those
lysates (referred to as “B samples™) which had been pro-
vided with a very large number of DNA breaks by DNA
shearing (e.g., by means of ultrasound treatment) prior to the
alkaline denaturation. In the case of the T sample the content
of denatured DNA 1s set to 0%, whereas the content of
denatured DNA 1n the B sample 1s set to 100%. However, the
FADU assay 1s very labor-intensive and susceptible to
failure because several high-precision pipetting steps and the
accurate observance of time and temperature conditions are
required for each individual sample. In some steps attention
has to be paid to the fact that the contents of the sample tubes
comprising several piled-up liquid phases are not mixed.
With regard to the required quadruple parallel
determinations, the T and B samples which always have to
be carried along and the large number of samples to be
determined this adds up to an 1mmense pipetting work, each
pipetting step having to be carried out with the utmost
constant care. In this connection, 1t 1s aggravating that the
FADU assay must be carried out while the laboratory is
darkened, since the cell lysates are very sensitive to light.

As explained already, the drawback of all of these meth-
ods 1s that they are very labor-intensive and the sample
throughput per time unit 1s not very high. Thus, about 3
manhours are required to manually carry out the FADU
assay with 30 samples. As regards the alkaline elution 16
hours 2 of them manhours) have to be estimated for about 36
samples.

In the case of the comet assay even 8 manhours are
required to process only 20 samples.

Therefore, 1t 1s the object of the present invention to
provide a method of quantifying DNA strand breaks, which
can be carried out easily, has a good sample throughput per
time unit and supplies reliable results. The object of the
present mvention also consists 1n providing a device by
means of which the method can be carried out.

[II. SUMMARY OF THE INVENTION

The present mvention relates to an automated method of
quantifying DNA strand breaks in intact cells and a device
to carry out the method.

IV. DETAILED DESCRIPTION OF THE
INVENTION

It 1s the object of the present invention to provide a
method of quantifying DNA strand breaks, which can be
carried out easily, has a good sample throughput per time
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unit and supplies reliable results. The object of the present
invention also consists 1n providing a device by means of
which the method can be carried out.

This object 1s achieved by a method according to claim 1.
Furthermore, this object 1s achieved by a device according
to claam 5. Advantageous embodiments follow from the
dependent claims.

The mventor recognized that there was a demand for

standardizing the examination of DNA strand breaks. This 1s
achieved by the highest possible automation of the method.

The method according to the mnvention distinguishes itself
in that

(a) the cells are lysed in order to release DNA,

(b) the lysate 1s subjected to an alkaline denaturation
process,

(¢) neutralization occurs,
(d) a fluorescent dye is added, and

(e) the fluorescence is read off a fluorometer,
all of the pipetting stages being carried out 1n automated
fashion by means of a pipetting device 1n a lightproot
housing and preferably the fluorescence measurements are
also carried out 1n automated fashion.

The method according to the invention regarding what 1s
called the “P” samples comprises preferably the following
individual steps, the pipetting stages being carried out by
means of an automatic pipetting device (“pipetting robot™):

1) placing a reaction vessel, e€.g., a microtiter plate,
containing adherent cells in cell culture medium or
suspension cells in medium, preferably in solution B, 1n
a darkened pipetting station

2) 1n the case of adherent cells: drawing off the medium;
incubation temperature 0° C.; then immediately

3) in the case of adherent cells: adding solution B (0° C.);
incubation temperature 0° C., then immediately

4) adding solution C (room temperature);, incubation
temperature 0° C.; 5-20 minutes (preferably 10
minutes)

5) adding solution D (0° C.) (must be piled up without
being vortexed); incubation temperature 0° C.; then
immediately

6) adding solution E (0° C.) (must be piled up without
being vortexed); incubation temperature 0° C.; 15-45
minutes (preferably 30 minutes)

7) adjusting the incubation temperature to about 15° C.;
30-90 minutes (preferably 60 minutes)

8) adding solution F (0° C.); mixing; incubation tempera-
ture 0° C.; 5-15 minutes (preferably 10 minutes)

9) shearing the sample, e.g., by rapid pipetting up and
down or ultrasonic treatment,

10) adding solution G (room temperature); incubation
temperature about 20° C.; 5—20 minutes (preferably 10
minutes)

11) reading the fluorescence intensities

12) data evaluation.
The solutions employed are, e.g., those mentioned in

Bimboim et al., 1981, Cancer Res. 41:1889-1892. In detail
these are:

Solution B: 0.25 M meso—inositol—10 mM sodium
phosphate—1 mM MgCl, (pH 7.2)

Solution C: 9 M urea—10 mM NaOH—2.5 mM cyclo-

hexane diamine tetraacetate—0.1% sodium dodecyl-
sulfate (=lysis buffer; storage at room temperature)

Solution D: 0.45 volume of solution C 1n 0.20 N NaOH
(=alkaline solution I)
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Solution E: 0.40 volume of solution C 1n 0.20 N NaOH
(=alkaline solution II)

Solution F: 1 M glucose—14 mM 2-mercaptoethanol
(=neutralization solution)

Solution G: ethidium bromide 6.7 ug/ml—13.3 mm
NaOH (storage at room temperature)

The above-mentioned times, temperatures and solutions
can, of course, vary within certain limits. These variations
are within the skill of a person skilled 1n the art and can be
determined by means of routine experiments.

In a preferred embodiment, solutions D and E are applied
combined in one step instead of two steps (steps 5) and 6)).

In the operating cycle for samples 1n which the content of
denatured DNA can be set to 0% (referred to as “T samples”
above), step 8) directly precedes step 5) already. In the
operating cycle for sample in which the content of denatured
DNA can be set to 100% (referred to as “B samples” above),
step 9) directly precedes step 7) already.

The percentage D of double-stranded DNA which 1s still
found 1n the sample following the partial alkaline treatment
1s a standard that 1s applied to the number of strand breaks
at the time of lysis and can be calculated as follows:

D(%)=(P-B)./.(T-B)x100

In place of ethidium bromide which 1s known to be
mutagenic, it 1S also 1n principle possible to use another
non-toxic fluorescent dye which 1s intercalated 1in double-
stranded DNA (e.g., Sybr-Green™) 1n solution G.

The expression “adherent cells” refers to those cells
which can be cultured in a reaction vessel, e.g., on a
microtiter plate, as a monolayer 1n cell culture medium.
Suitable cell culture mediums are the purchasable media
with which the person skilled in the art 1s familiar and which
are selected depending on the cell type to be grown. Some
hours to about one day later the cells grown on the reaction
vessel can be placed directly 1n the device. Examples of
adherent cells are fibroblasts, HelLa cells and most tumor
cells.

However, it 1s also possible to use “suspension cells”.
Suspension cells are cells which cannot be cultured as
monolayer on cell culture plates. The suspension cells must
first be centrifuged off the corresponding medium and then
be resuspended 1n a buffer, e.g., 1 solution B, before they
can be filled 1n a reaction vessel, €.g., a microtiter plate, and
be examined according to the above scheme. Examples of
suspension cells are blood cells, such as leukocytes, or
lymphoid cell lines.

In a preferred embodiment, the process according to the
invention can also be extended to the quanfification of
certain damage of DNA bases. To this end, the cell lysate
which was treated with a lysis bufler containing less urea
than solution C 1s subjected to an incubation using a purified
DNA repair endonuclease prior to the alkaline denaturatin,
which recognizes DNA damage determined in a highly
specific way (e.g., 8-oxaguanine and pyrimidine dimers,
respectively) and cuts locally the affected DNA strands, so
that now one DNA strand break forms for each damaged
base. These additional breaks generated 1n vitro can then be
determined immediately afterwards by the measuring
method according to the invention. An example of such an
endonuclease 1s what 1s called the “FAPY enzyme”. By this,
the field of application of the method according to the
invention can be extended considerably, namely to the
highly specific quantification of unrepaired primary damage
in DNA bases.

The device according to the invention i1s 1n principle a
pipetting robot which comprises a lightproof housing. The
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reaction vessel, preferably the microtiter plate, 1s placed
therein on a temperature controlled base plate which can
raise the temperature of the samples from 0° C. to 30° C. The
device comprises a system of pipetting nozzles for with-
drawing liquids from, and adding them to, respectively, the
reaction vessel, preferably the microfiter plate. Another
component of the device 1s a fluorometer having an excita-
tion wavelength of 490-550 nm, preferably 520 nm, and an
emission wavelength of 570—610 nm, preferably 590 nm.
The fluorometer 1s equipped such that the fluorescence
intensity i each well of the preferred microtiter plate can be
read 1n parallel or sequentially “in situ”. The expression
“fluorometer” also comprises a stmple device permitting the
observation of the fluorescence phenomenon by means of a
light source and two different filters. The device according
to the mnvention also comprises preferably a microprocessor
as well as a printer, and plotter, respectively.

Advantages of the method according to the invention are
represented by the fact that by using the device according to
the mvention a microtiter plate having 96 measuring points
can be treated 1n less than 2 device hours. In contrast thereto,
the working time for the staff 1s only several minutes as
compared to the above-mentioned periods required for the
manual examination of DNA strand breaks. Moreover, the
cell lysis can be made directly with adherent single-layer
cell cultures by the method according to the mvention. The
latter 1s of special interest because by this the preceding
removal of cells from the substrate (e.g., by trypsin) is not
necessary. Thus, corresponding centrifugation steps can be
omitted, which are (1) time-consuming and costly and (ii)
can artificially already result 1n the induction of DNA breaks
and unfavorably affect the DNA repair behavior of the cell,
respectively. Thus, the method according to the ivention
offers the additional advantage of measuring the DNA
damage and repair 1n an unadulterated form.

The below examples explain the mnvention 1n more detail.
The following preparations and examples are given to
enable those skilled 1n the art to more clearly understand and
to practice the present mvention. The present invention,
however, 1s not limited 1n scope by the exemplified
embodiments, which are intended as 1llustrations of single
aspects of the invention only, and methods which are func-
tionally equivalent are within the scope of the mvention.
Indeed, various modifications of the invention in addition to
those described herein will become apparent to those skilled
in the art from the foregoing description. Such modifications
are mtended to fall within the scope of the appended claims.

V. EXAMPLE

Hel a cells are placed with DMEM medium (Dulbelcco’s
modified essential medium) plus 10% fetal calf serum in the
wells of a microtiter plate suitable for cell culture and
incubated for 12 hours, the cells growing completely.

Thereafter, the intact cells are exposed to radioactive radia-
tion (°°Co v radiation) at 0° C. (on ice). Then, the method
according to the mvention 1s carried out as follows:

1) placing the microtiter plate in the darkened pipetting
station,

2) drawing off the medium; temperature of the base plate
0° C.; then immediately

3) adding 40 ul of solution B (0° C.); temperature of the
base plate 0° C., then immediately

4) adding 40 ul of solution C (room temperature); tems-
perature of the base plate 0° C.; incubation for 10
minutes

5) adding 20 ul of solution D (0° C.) (must be piled up
without being vortexed); temperature of the base plate
0° C.; then immediately

10

15

20

25

30

35

40

45

50

55

60

65

6

6) adding 20 ul of solution E (0® C.) (must be piled up
without being vortexed); temperature of the base plate
0° C.; 15-45 minutes (preferably 30 minutes)

7) heating the base plate to about 15° C.; 60 minute of
incubation

8) adding 80 ul of solution F (0° C.); mixing; temperature
of the base plate 0° C.; incubation for 10 minutes

9) shearing the sample, e.g., by rapid pipetting up and
down

10) withdrawing 100 ul and transferring it to a new
microfiter plate

11) adding 150 ul of solution G (room temperature);
temperature of the base plate about 20° C.; incubation
for 10 minutes

12) reading the fluorescence intensities by means of the
installed fluorometer (excitation wavelength 520 nm;
emission wavelength 590 nm)

13) data evaluation.

The compositions of solutions B to G are indicated as
outlined above.

In the operating cycle for samples whose content of
denatured DNA shall be set to 0% (referred to as “T
samples” above) step 8) directly precedes step 5). In the
operating cycle for samples whose content of denatured
DNA can be set to 100% (referred to as “B samples” above)
step 9) directly precedes step 7.

In order to check the reliability of the method, all values
were determined four times and the difference from one

another was calculated. This data evaluation resulted 1n the
fact that the determinations yielded reliable values, the
differences of the four determinations being around 2%.

All references cited within the body of the instant speci-
fication are hereby incorporated by reference i1n their
entirety.

What 1s claimed:

1. A method of quantifying strand breaks 1n the DNA of
cells, comprising:

(a) lysing cells in order to release DNA, whereby a cell

lysate 1s generated;

(b) exposing said cell lysate to an alkaline denaturation
process, whereby said cell lysate 1s neutralized;

(¢) contacting said cell lysate with a fluorescent dye; and

(d) measuring the fluorescence from said fluorescent dye
in contact with said cell lysate, using a fluorometer;

wherein steps (a) to (d) are carried out in automated
fashion utilizing a pipetting device 1n a lightproof
housing.

2. The method of claim 1, wherein said method takes
place 1n microtiter plates.

3. The method of claim 1, wherein said fluorescent dye
intercalates in double-stranded DNA.

4. The method of claim 1, wherein said fluorescence 1s
measured at an excitation wavelength of 520 nm and an
emission wavelength of 590 nm.

5. A device to carry out the method of claim 1, wherein
said device comprises a lightproof housing, a temperature
controlled base plate, a system of pipetting nozzles and a
fluorometer to measure the fluorescence intensity of DNA.

6. The device of claim 5, wherein said device further
COmMPrises a miCroprocessor.

7. The device of claim 5, wherein the temperature con-
trolled base plate is adjustable to temperatures from O to 30°
C.

8. The device of claim 5, wherein the fluorometer mea-
sures at an excitation wavelength of 520 nm and an emission
wavelength of 590 nm.




US 6,210,893 B1

7

9. The method of claim 3, wherein said fluorescent dye 1s
ethidium bromaide.

10. The device of claim 6, wherein said device further
comprises a printer.

11. The device of claim 6, wherein said device further 5

comprises a plotter.

12. The method of claim 1, wherein said fluorescence 1s
measured at an excitation wavelength in the range 490-550
nm and an emission wavelength in the range 570-610 nm.

3

13. The device of claim 5, wherein the fluorometer
measures at an excitation wavelength in the range 490-550
nm and an emission wavelength 1n the range 570-610 nm.

14. The method of claim 2 wherein said microtiter plates
have 96 measuring points.

15. The method of claim 1 wherein the cells are adherent.
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